SUMMARY A battery of neuropsychological tasks was used to study 62 schizophrenics, 67 melancholics, and 30 manics satisfying specific research diagnostic criteria, and 42 normal subjects. Two patterns of neuropsychological impairment among patients were identified by factor analysis. The first pattern of bifrontal, non-dominant hemisphere dysfunction was shared by schizophrenics and affectively ill .patients, whereas the second pattern of dominant temporo-parietal-occipital impairment was most frequent in a subgroup of schizophrenics. These relationships remained after accounting for the effects of age, gender, handedness and drugs received at time of testing.
A prevalent hypothesis of cerebral hemispheric dysfunction in the major psychoses posits that schizophrenic patients evidence cognitive impairment of the dominant hemisphere, whereas affectively ill individuals are impaired in the non-dominant hemisphere.' 2 Data from neuropsychological, ' 3 4 electrophysiological, and brain imaging'7 studies are cited in support of this view. Our own studies,8'-10 also suggest that, compared with controls, affectively ill individuals demonstrate primarily non-dominant hemisphere impairment, but that schizophrenics have bilateral impairment which is relatively worse in the dominant frontotemporal regions.
If hemispheric dysfunction in the major psychoses is to be related to the pathophysiology of these disorders, clarification of the patterns of dysfunction across diagnostic categories is a necessary step. The present study attempts to characterise these patterns of impairment by comparing cognitive functioning in a sample of rigorously diagnosed schizophrenic and affectively ill patients with that of a sample of normal controls.
Method
This investigation was carried out over a 3 year period ending in June 1980. We included for study all patients admitted to an acute treatment, university-affiliated psychiatric inpatient service of a public hospital, who had no motor disability, a corrected visual acuity of at least 20 Handedness was determined by requiring the subject to demonstrate the use of common objects with his preferred hand (for example, throwing a ball, using scissors) and by timed signature writing with each hand, the faster hand by at least 5 seconds considered preferred. Each patient was classified blind to diagnosis as purely dextral, mixed, or purely sinistral. In the first two groups, the dominant hemisphere was assumed to be the left, whereas for pure sinistrals, the dominant hemisphere was assumed to be the right.
Upon completion of data collection, all identifying information was removed from each protocol, all patient and control protocols randomly mixed, and each rated "blindly" for hemispheric, regional cortical and global impairment as follows: impairment for each hemispheric region (dominant and nondominant frontal, temporal, parietal, and occipital) and global impairment: 1-none, 2-mild, 3-moderate, 4-marked, 5 Results Sixty-two schizophrenics, 67 melancholics, 30 manics and 42 normal subjects completed the study. Table 1 displays demographic and some clinical comparisons for the four groups. Although the three patient groups were significantly older than controls (F = 16 99, df = 3, p < 0 001), the patient groups were not significantly different in age from each other (F = 2-15, df = 2, p = 0-12). There were significantly more women in the control than patient groups (X2 = 44 25, df = 3, p = 0 001), and among the patient groups there were significantly more women in the manic than in the other two diagnostic groups (X2 = 9-12, df = 2, p = 0 01). There were also differences in We performed a principal components factor analysis based on the regional cortical impairment scores of patients and controls. One-hundred and ninetyeight protocols were included. Eight factors were generated, only two of which had eigenvalues greater than 1-0. Factor I (eigenvalue = 4-00) accounted for 49-95% of the variance, while factor 2 (eigenvalue 1-63) accounted for 20 41% of the variance. None of the other six factors accounted for more than 10% of the variance. The figure displays diagrams of the two factors and their loading scores after varimax rotation for each cortical region. Factor loading less than 0 5 are not displayed. The diagrams show that factor 1 corresponds to a pattern of bifrontal, right (nondominant) hemisphere impairment, and factor 2 to a pattern of left (dominant) hemisphere temporoparieto-occipital impairment.
We assessed the relationship between factor 1 and 2 and group assignment by analyses of variance and independent t tests. 1 score (worse cognitive performance) than do depressives (F = 37-36, df = 1, p = 0 0001). Schizophrenics and a combined affective disorder group (N = 96, mean (SD) = 0 154 (1-011)) do not significantly differ on mean factor I scores (t = 1-64, df = 154, p = 0-10). The four groups also differ significantly on factor 2, with affectives and controls having negative mean factor scores (better cognitive performance), and schizophrenics having a high positive mean factor 2 score (worse cognitive performance) (F = 6-87, df = 3, p = 00002). Schizophrenics also differ significantly (t = 2-91, df = 154, p = 0 004) from a combined affective disorder group (N = 96, mean (SD) = -0-100 (0 909)). Thus, controls show virtually no pattern of impairment, affectives predominantly a bifrontal, right (nondominant) hemisphere impairment pattern (factor 2) and schizophrenics a bilateral impairment pattern (factor 1 and 2).
A correlation analysis revealed age (r = 026, p = 0-001), gender (r = 0 17, p = 0-022) and drugs administered at time of testing (r = 0-21, p = 0-006) to correlate with factor 1, and gender (r = 0-2 1, 898 p = 0-006) to correlate with factor 2. As these results and gender differences between patient groups potentially relate to cognitive function and therefore with the factor structure, we performed a hierarchial multiple regression analysis (SCSS forced-entry model) to account for the variance explained by these variables before we examined the relationship between each factor and the dichotomous variable of group assignment (schizophrenia or affective disorder). For each analysis, diagnosis was established as the dependent variable; the independent variables of age, gender and drug administration (coded present or absent) were entered and then factor 1 or 2 was entered. Table 3 displays this analysis which reveals that, after accounting for the variance of age, gender and drugs, there is a significant relationship between factor 1 and diagnosis, schizophrenics having a significantly greater correlation with factor 1 than do affectives (combined). After accounting for the variance of gender there is also a significant relationship between factor 2 and schizophrenia, but not between factor 2 and affectives.
As group means can be unduly influenced by outlyers, we inspected the histogram plots of factor 1 and 2 scores for patients and controls. We considered subjects with negative factor scores to be without impairment. For factor 1, 100% of controls, 59% of affectives and 39% of schizophrenics had negative scores. For factor 2, 93% of controls, 70% of affectives and 55% of schizophrenics had negative scores.
The median for positive scores of all subjects was 1 0. We considered this to be a reasonable threshold point for impairment and therefore interpreted a factor score of less than I to represent minimal impairment, and a factor score of greater than I to represent clinically important impairment. No control had a factor 1 or 2 score above 1.
For factor I there were no significant betweengroup differences in the distribution of scores above and below the threshold of impairment (median). Table 4 displays the separation of factor 2 scores above and below the threshold of impairment point for the controls and patient groups. Controls are quite different from patients (all but three controls had negative factor 2 scores). The distribution among Taylor, Abrams the three patient groups is also significantly different (X2 = 7-66, df = 2, p = 0.02) with only the rare manic having a factor 2 score suggestive of posterior dominant hemisphere impairment, compared with about 16% of depressives and over one-third of schizophrenics.
Discussion
We have identified two neuropsychological patterns of impairment among psychotic patients. One pattern of bifrontal, non-dominant hemisphere dysfunction (factor 1) although having a greater association with schizophrenics, is common to both schizophrenics and affectively ill patients. The second pattern of dominant temporo-parietal-occipital dysfunction (factor 2) is more specific to schizophrenia. The relationship between these patterns of dysfunction and diagnosis remains after accounting for the effects of age, gender and drugs received at time of testing.
The pattern of bifrontal, non-dominant hemisphere impairment in affective disorder is consistent with many other reports.' [33] [34] [35] [36] The fact that schizophrenics also share this pattern of dysfunction suggests the pattern reflects either shared attentional deficits or shared underlying brain dysfunction, or that, although schizophrenics and affectives perform poorly on tasks related to non-dominant hemisphere function, their poor performances are due to different pathophysiologies. Further study is needed to resolve this issue.
The relationship between schizophrenia and dominant hemisphere impairment is not suprising, but the distribution of factor 2 scores among the schizophrenics suggests that important posterior dominant hemisphere impairment is limited to a subgroup of such patients. From studies of the speech and language impairment in schizophrenia, 37 38 it is possible that this may be a subgroup with formal thought disorder; future assessments of schizophrenics with and without formal thought disorder may aid in further characterising the nature of posterior dominant hemisphere impairment in schizophrenia.
The fact that some depressives also exhibit important dominant hemisphere impairment is intriguing in light of studies39 suggesting an association between the acute expression of sadness and left hemisphere lesions. Intuitively, one might predict that bipolar depressives would be similar to manics, with unipolar depressives exhibiting posterior dominant hemisphere impairment; this will require further study.
